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1	Introduction
RAN4#102-e agreed with the WF on RedCap demodulation and CQI reporting requirements [1]. This contribution discusses the open issues related to both UE demodulation and CSI reporting requirements for RedCap UEs.
2	TS38.101-4 structure for RedCap demodulation and CSI reporting requirements
RAN4 main session agreed to define RedCap UE RF requirements with the dedicated sub-clauses with suffix ‘I’ in TS38.101-1/2 according to TS38.101-1 Table 4-3.1 as follows. 
Table 4.3-1: Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	E
	V2X

	F
	Shared spectrum channel access

	G
	Tx Diversity (TxD)

	H
	Carrier Aggregation(CA) with UL MIMO

	I
	RedCap



Since RAN4 agreed to define at least PDSCH/PDCCH/PBCH/SDR/CQI/PMI requirements for RedCap, we propose to define RedCap demodulation and CSI reporting requirements also with the suffix ‘I’ as same as TS38.101-1/2. The detailed specification structure is proposed in [3].
Proposal 1: Define RedCap demodulation and CSI reporting requirements in TS38.101-4 with the suffix ‘I’, as same as TS38.101-1/2.  
3	Requirement applicability for HD-FDD UE
One remaining open issue for RedCap UE demodulation and CSI reporting requirements is the UL/DL pattern used for 1Rx UE in FDD bands. 
	· Assume Full-duplex FDD to derive the requirements, e.g., SNR to achieve 70% of maximum throughput.
· For the requirement specification,
· Option 1: Consider Full-duplex FDD only
· Option 2: Consider Full-duplex FDD and half-duplex FDD with applicability rule



For RedCap WI, RAN1 has defined two feature groups: one for FG 28-1 ‘RedCap UE’ and another one for FG 28-3 ‘Half-duplex FDD operation type A for RedCap UE’ [2]. According to RAN1 agreements, FG 28-1 is the fundamental signaling for UE capable of RedCap, such as the supporting of the separated DL BWP for RedCap UE and early indication in Msg1/MsgA. On the other hand, FG 28-3 is the signaling to indicate that UE is capable of the half-duplex FDD operation type A in FR1 FDD bands.
RAN#95-e concluded that FG 28-3 is reported per band, and UE is assumed to support full-duplex FDD in FDD band if half-duplex FDD is not supported. This means that UE is not mandated to support full-duplex FDD if UE supports half-duplex FDD in FDD bands. 
		conclusion: 
	- "FG 28-1 is reported per UE, and FG 28-3 is reported per band" is agreed
	- RP-220462 is not pursued, no further RAN4 discussion on these bands, in case of ambiguity problems, they can be 
	addressed under essential cat.F CR maintenance 
	- slide 6 2 main bullets are endorsed
	- RP-220964 is noted, RP-220965 and RP-220966 are approved
	- It is not pursued to support RRM relaxation for non-RedCap UE in Rel-17



Observation 1: According to RAN1 feature list and RAN#95-e decision, supporting half-duplex FDD is per-band capability, i.e., UE is not mandated to support full-duplex FDD if UE support half-duplex FDD. 
If we consider full-duplex FDD only for FDD test as option 1, UE capable of HD-FDD only (e.g., UE optimized for RedCap supporting a few FDD bands with half-duplex) cannot be tested. To avoid this, we propose to take option 2, i.e., consider both full-duplex FDD and half-duplex FDD with applicability rule for RedCap 1Rx UE in FDD.
Proposal 2: For the requirement specification of FDD 1Rx UE, consider full-duplex FDD and half-duplex FDD with applicability rule.
Proposal 3: Specify the following applicability table for RedCap UE supporting half-duplex FDD.  
	UE feature/capability
	Test type
	Test list
	Applicability notes

	Half-duplex FDD operation type A for RedCap UE
	FR1 Half-duplex FDD
	PDSCH
	All tests in Clause [5.2I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PDCCH
	All tests in Clause [5.3I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PBCH
	All tests in Clause [5.4I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	SDR
	All tests in Clause [5.5I.1]
	The requirements apply for UE supporting 1Rx



	UE feature/capability
	Test type
	Test list
	Applicability notes

	Half-duplex FDD operation type A for RedCap UE
	FR1 Half-duplex FDD
	CQI
	All tests in Clause [6.2I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PMI
	All tests in Clause [6.3I.1.1]
	The requirements apply for UE supporting 1Rx



As we discussed in RAN4#102-e, half-duplex FDD UE cannot perform UL transmission and DL reception simultaneously, and it requires a few symbols duration for RF center frequency retuning. This is equivalent to the TDD operation from UE demodulation point of view. We therefore propose to define the demodulation and CSI reporting requirements for FDD with the TDD UL/DL pattern FR1.15-1 (i.e., DDDSU) to cover both FD-FDD and HD-FDD. This means the FRC is specified based on HD-FDD pattern and CSI feedback delay may need to be adjusted.
Proposal 4: Define FRC of UE demodulation and CSI reporting requirements for RedCap 1Rx UE in FDD by assuming the half-duplex FDD operation, that is, DDDSU.
4	Summary
Proposal 1: Define RedCap demodulation and CSI reporting requirements in TS38.101-4 with the suffix ‘I’, as same as TS38.101-1/2.  
Observation 1: According to RAN1 feature list and RAN#95-e decision, supporting half-duplex FDD is per-band capability, i.e., UE is not mandated to support full-duplex FDD if UE support half-duplex FDD. 
Proposal 2: For the requirement specification of FDD 1Rx UE, consider full-duplex FDD and half-duplex FDD with applicability rule.
Proposal 3: Specify the following applicability table for RedCap UE supporting half-duplex FDD.  
	UE feature/capability
	Test type
	Test list
	Applicability notes

	Half-duplex FDD operation type A for RedCap UE
	FR1 Half-duplex FDD
	PDSCH
	All tests in Clause [5.2I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PDCCH
	All tests in Clause [5.3I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PBCH
	All tests in Clause [5.4I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	SDR
	All tests in Clause [5.5I.1]
	The requirements apply for UE supporting 1Rx



	UE feature/capability
	Test type
	Test list
	Applicability notes

	Half-duplex FDD operation type A for RedCap UE
	FR1 Half-duplex FDD
	CQI
	All tests in Clause [6.2I.1.1]
	The requirements apply for UE supporting 1Rx

	
	FR1 Half-duplex FDD
	PMI
	All tests in Clause [6.3I.1.1]
	The requirements apply for UE supporting 1Rx



Proposal 4: Define FRC of UE demodulation and CSI reporting requirements for RedCap 1Rx UE in FDD by assuming the half-duplex FDD operation, that is, DDDSU.
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A.1	RAN1 feature list for NR_redcap [2]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Mandatory/Optional

	 28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap Ues
- It includes CSS/CORESET for random access
- FFS: For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
FFS whether to add any other basic features for RedCap UE
	
	[Network assumes the UE is not a RedCap UE]
	[Per UE]
	Optional with capability signaling
RedCap UE must indicate this FG is supported

	28. NR_redcap
	28-3
	Half-duplex FDD operation type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	[UE is assumed to support FD-FDD in FDD bands]
	[Per band]
	Optional with capability signaling






A.2	Updated simulation assumption
A.2.1	PDSCH demodulation
A.2.1.1	FR1 FDD 15kHz
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	New

	1Rx UE
	10MHz / 15kHz
	16QAM 0.48
Rank 1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.2.1.1-3 Test 1-4
	New

	1Rx UE
	10MHz / 15kHz
	64QAM 0.50
Rank 1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.1.1-4 Test 2-1
	New

	2Rx UE
	10MHz / 15kHz
	QPSK 1/3
Rank 1
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-1
	Reuse

	2Rx UE
	10MHz / 15kHz
	16QAM 0.48
Rank 1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-3 Test 1-4
	New

	2Rx UE
	10MHz / 15kHz
	64QAM 0.5 Rank 2
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.1.1-4 Test 2-1
	Reuse



A.2.1.2	FR1 TDD 30kHz
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4 Table
	New / Reuse

	1Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB100-400
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	1Rx UE
	20MHz / 30kHz
	16QAM 0.48
Rank 1
	FR1.30-1
	TDLC300-100
	2x1 low
	70% of peak rate
	5.2.2.2.1-3 Test 1-4
	New

	1Rx UE
	20MHz / 30kHz
	64QAM 0.50
Rank 1
	FR1.30-1
	TDLA30-10
	2x1 low
	70% of peak rate
	5.2.2.2.1-4 Test 2-1
	New

	2Rx UE
	20MHz / 30kHz
	QPSK 1/3
Rank 1
	FR1.30-1A
	TDLB100-400
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-1
	New

	2Rx UE
	20MHz / 30kHz
	16QAM 0.48
Rank 1
	FR1.30-1
	TDLC300-100
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-3 Test 1-4
	New

	2Rx UE
	20MHz / 30kHz
	64QAM 0.50
Rank 2
	FR1.30-1
	TDLA30-10
	2x2 ULA low
	70% of peak rate
	5.2.2.2.1-4 Test 2-1
	New



A.2.1.3	FR2 TDD 120kHz
	1Rx UE or 2Rx UE
	CBW / SCS
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	Metric
	Reference from TS38.101-4
	New / Reuse

	2Rx UE
	100MHz / 120kHz
	QPSK 1/3
Rank 1
	FR2.120-1A
	TDLC60-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-3 Test 1-1
	Reuse

	2Rx UE
	100MHz / 120kHz
	16QAM 0.48
Rank 2
	FR2.120-1
	TDLA30-300
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-2
	Reuse

	2Rx UE
	100MHz / 120kHz
	64QAM 0.46
Rank 2
	FR2.120-2
	TDLA30-75
	2x2 ULA low
	70% of peak rate
	7.2.2.2.1-4 Test 2-6
	Reuse



A.2.2	PDCCH demodulation
A.2.2.1	Candidate options for FR1 FDD 15kHz
	A.2.2.1	Candidate options for FR1 FDD 15kHz1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x1
	1%
	5.3.2.1.1-1 Test 3 (R.PDCCH.1-2.4 FDD)
	New

	1Rx UE
	10
	48
	1
	8
	TDLA30-10
	2x1 low
	1%
	5.3.2.1.2-1 Test 3 (R.PDCCH.1-1.3 FDD)
	New

	2Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x2 low
	1%
	5.3.2.1.1-1 Test 3 (R.PDCCH.1-2.4 FDD)
	Reuse

	2Rx UE
	10
	48
	1
	8
	TDLA30-10
	2x2 low
	1%
	5.3.2.1.2-1 Test 3 (R.PDCCH.1-1.3 FDD)
	Reuse



A.2.2.2	Candidate options for FR1 TDD 30kHz
	Parameter
	Unit
	1 Tx Antenna
	2 Tx Antenna

	TDD UL-DL pattern
	
	FR1.30-1

	CCE to REG mapping type
	
	interleaved
	interleaved

	Interleaver size
	
	3

	REG bundle size
	
	2
	[2]

	Shift Index
	
	0



	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	20
	48
	[1]
	4
	TDLC300-100
	1x1
	1%
	5.3.2.2.1-1 Test 2 (REV R.PDCCH.2-1.2 TDD)
	New

	1Rx UE
	20
	48
	[1]
	8
	TDLC300-100
	2x1 low
	1%
	5.3.2.2.2-1 Test 1 (REV R.PDCCH.2-1.3 TDD)
	New

	2Rx UE
	20
	48
	[1]
	4
	TDLC300-100
	1x2 low
	1%
	5.3.2.2.1-1 Test 2 (REV R.PDCCH.2-1.2 TDD)
	New

	2Rx UE
	20
	48
	[1]
	8
	TDLC300-100
	2x2 low
	1%
	5.3.2.2.2-1 Test 1 (REV R.PDCCH.2-1.3 TDD)
	New



	Parameters
	Unit
	Value

	Reference channel
	
	REV R.PDCCH.2-1.2 TDD
	REV R.PDCCH.2-1.3 TDD

	Subcarrier spacing
	kHz
	30
	30

	CORESET frequency domain allocation
	
	48
	48

	CORESET time domain allocation
	
	1
	1

	Aggregation level
	
	4
	8

	DCI format
	
	1_1
	1_1

	Payload (without CRC)
	bits
	52
	52




A.2.2.3		Candidate options for FR2 TDD 120kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	2Rx UE
	100
	60
	1
	4
	TDLA30-300
	1x2 low
	1%
	7.3.2.2.1-1 Test 1-2 (R.PDCCH. 5-1.2 TDD)
	Reuse

	2Rx UE
	100
	60
	1
	8
	TDLA30-75
	2x2 low
	1%
	7.3.2.2.2-1 Test 2-1 (R.PDCCH.5-1.3 TDD)
	Reuse



A.2.3	PBCH demodulation
	1Rx UE or 2Rx UE
	BW / SSB SCS
	Propagation condition
	Antenna configuration
	Metric (Pm-bch)
	SS/PBCH block index
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x1
	1%
	Unknown
	5.4.2.1-2 Test 1
	New

	1Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x1
	1%
	Unknown
	5.4.2.2-2 Test 1
	New

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Unknown
	5.4.2.1-2 Test 1
	Reuse

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Known
	5.4.2.1-3 Test 1
	Reuse

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Unknown
	5.4.2.2-2 Test 1
	Reuse (*1)

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Known
	5.4.2.2-3 Test 1
	Reuse (*1)

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 1
	Reuse

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 1
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 2
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 2
	Reuse

	Note 1: 	RAN4 can keep the same SNR requirements but need to change the channel bandwidth configuration.



A.2.4	SDR
· Define SDR tests for RedCap 1Rx/2Rx UE
· Define only 2Rx requirements for FR2.
A.2.5	CQI reporting requirements
A.2.5.1	FR1 FDD 15kHz
	1Rx UE or 2Rx UE
	Reference
	CQI test
	CBW / SCS
	CQI table 
	Rank
	Antenna configuration
	New / Reuse

	1Rx UE
	Table 6.2.2.1.1.1-1 Test 1/2
	CQI report definition test
	10 / 15
	Table 1
	1
	2 x 1 with static channel specified in Annex B.1 in TS 38.101-4
	New

	1Rx UE
	Table 6.2.2.1.2.1-1 Test 1/2
	Wideband CQI reporting test
	10 / 15
	Table 1
	1
	2 x 1 ULA high
	New

	2Rx UE
	Table 6.2.2.1.1.1-1 Test 1/2
	CQI report definition test
	10 / 15
	Table 1
	2
	2 x 2 with static channel specified in Annex B.1 in TS 38.101-4
	New

	2Rx UE
	Table 6.2.2.1.2.1-1 Test 1/2
	Wideband CQI reporting test
	10 / 15
	Table 1
	1
	2 x 2 ULA high
	New



A.2.5.2	FR1 TDD 30kHz
	1Rx UE or 2Rx UE
	Reference
	CQI test
	CBW / SCS
	CQI table 
	Rank
	Antenna configuration
	New / Reuse

	1Rx UE
	Table 6.2.2.2.1.1-1 Test 1/2
	CQI report definition test
	20 / 30
	Table 1
	1
	2 x 1 with static channel specified in Annex B.1 in TS 38.101-4
	New

	1Rx UE
	Table 6.2.2.2.2.1-1 Test 1/2
	Wideband CQI reporting test
	20 / 30
	Table 1
	1
	2 x 1 ULA high
	New

	2Rx UE
	Table 6.2.2.2.1.1-1 Test 1/2
	CQI report definition test
	20 / 30
	Table 1
	2
	2 x 2 with static channel specified in Annex B.1 in TS 38.101-4
	New

	2Rx UE
	Table 6.2.2.2.2.1-1 Test 1/2
	Wideband CQI reporting test
	20 / 30
	Table 1
	1
	2 x 2 ULA high
	New



A.2.5.3	FR2 TDD 120kHz
	1Rx UE or 2Rx UE
	Reference
	CQI test
	CBW / SCS
	CQI table 
	Rank
	Antenna configuration
	New / Reuse

	2Rx UE
	Table 8.2.2.2.1.1-1 Test 1/2
	CQI report definition test
	100 / 120
	Table 1
	2
	2 x 2 ULA high
	Reuse

	2Rx UE
	Table 8.2.2.2.2.1-1 Tests 1/2
	Wideband CQI reporting test
	100 / 120
	Table 1
	1
	2 x 2 ULA high
	Reuse



A.2.6	PMI reporting requirements
A.2.6.1 FR1 FDD 15kHz
	1Rx UE or 2Rx UE
	Reference
	PMI test
	CBW / SCS
	Tx ports
	Antenna Configuration
	New / Reuse

	1Rx
	Table 6.3.2.1.1-1 Test 1
	Single PMI, Type I, rank 1
	10 / 15
	4
	4 x 1 ULA high
	New

	2Rx
	Table 6.3.2.1.1-1 Test 1
	Single PMI, Type I, rank 1
	10 / 15
	4
	4 x 2 XP high
	Reuse



A.2.6.2 FR1 TDD 30kHz
	1Rx UE or 2Rx UE
	Reference
	PMI test
	CBW / SCS
	Tx ports
	Antenna Configuration
	New / Reuse

	1Rx
	Table 6.3.2.2.1-1 Test 1
	Single PMI, Type I, rank 1
	20 / 30
	4
	4 x 1 ULA high
	New

	2Rx
	Table 6.3.2.2.1-1 Test 1
	Single PMI, Type I, rank 1
	20 / 30
	4
	4 x 2 XP high
	New



A.2.6.3 FR2 TDD 120kHz
	1Rx UE or 2Rx UE
	Reference
	PMI test
	CBW / SCS
	Tx ports
	Antenna Configuration
	New / Reuse

	2Rx
	Table 8.3.2.2.1-1 Test 2
(TDD FR2.120-1)
	Single PMI, Type I, rank 1
	100 / 120
	2
	2 x 2 ULA low
	Reuse



A.2.7	Antenna configuration
A.2.7.1	Static propagation condition for UE receiver with 1Rx
For 2 port transmission the channel matrix is defined in the frequency domain by

